THE APPLICATION OF ANTAGONISTIC BACTERIA by Emachines
 
© 2003 Digitized by USU digital library 1 
THE APPLICATION OF ANTAGONISTIC BACTERIA 
Pseudomonas fluorescens 
TO CONTROL SOFT ROT DISEASE (Erwinia carotovora) ON POTATO CROPS 
 
IRDA SAFNI, S.P 
 
Fakultas Pertanian 




Soft rot disease, which is caused by bacteria Erwinia carotovora, is a common 
disease on fleshy vegetables, including potatoes, tomatoes, cabbages, cucumbers, 
carrots, etc. This disease is one of the deleterious plant diseases occurring both in 
the field and in storage. The bacteria is a soil-borne pathogen, which can live and 
survive freely in the soil for a long period of time. Most bacteria E.carotovora infect 
the tubers and root system of potato crops. By secreting toxic enzymes, pectolytic, 
the bacteria break down the cell wall, then cause cell separation and soften the 
fleshy regions (Sigee, 1993). As a result, the cells of potatoes will collapse and die. 
This collapse, in particular for tubers and root system, causes wilt or yellow 
discoloration and tuber decay can also occur in the field and in storage (De Boer, 
1997). All of the symptoms, therefore, reduce the vigor and yields of potato crops. 
As a consequence, it causes a great loss in potato yields as well as the economic 
losses because of the bad quality and quantities of the infected potatoes. 
 
Many control strategies have been applied to reduce the intensity of disease, 
namely sanitation, using pathogen-free seed tubers, modification of the 
environment, crop rotation, and pesticide (Gudmestad and Secor, 1993; De Boer, 
1997; and Agrios, 1978). However, the results have not been satisfactory because 
controlling soft rot disease is quite difficult (De Boer, 1997). Although many farmers 
still use pesticide in the potato field, this method is not recommended any longer due 
to its impact on environment and human life. The toxic residue of chemical 
substances in the pesticide can be deposited in the ground and will exist for a long-
term period. It can contaminate the ground water, which is also the source of water 
for human and animal surrounding. The poisonous substances can also be deposited 
in the potato yields, which might endanger people who consume them. 
 
Because of those reasons, biological control is a good alternative method. 
Compared to chemical control (pesticide) which destroys a range of micro and macro 
organisms, biological control has more specific effect on the pathogen and has 
limited impact on the environment (Sigee, 1993). A number of microorganisms have 
been used as biocontrol agents, which can be antagonistic fungi or antagonistic 
bacteria, such as fungi Trichoderma spp., bacteria Bacillus thuringiensis, bacteria 
Agrobacterium radiobacter, bacteria Pseudomonas spp, etc. 
 
Bacteria P. fluorescens has been successfully applied on many types of crops 
to control a wide variety of soil-borne pathogens, including fungi, bacteria, viruses, 
and nematodes. According to Defago and Keel (1995), bacteria P. fluorescens can be 
considered as a biocontrol agent of the future to inhibit the growth of root diseases, 
which are caused by soil-borne pathogens. They can significandy reduce the infection 
of a great number of diseases, such as potato wilt disease (Pseudomonas 
solanacearum), tobacco wilt  disease (P. solanacearum), tomato wilt disease 
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(Fusarium oxyporum), and fire blight disease on peach and apple (Envzonia 
amylovora), etc. 
 
This essay will analyze whether bacteria P. fluorescens can effectively reduce 
the infection of soft rot disease on potato crops. Firsdy, I will describe the beneficial 
role of bacteria P. fluorescens as a potential biological control agent. After discussing 
the case studies of controlling several plant diseases with bacteria P. fluorescens, I 
will examine the possibility of using bacteria P .fluorescens to control soft rot disease 
on potatoes. 
 
2. The Beneficial role of P. fluorescens as a potential biocontrol agent 
 
Bacteria P. fluorescens, which is also called rhizobacteria, is a soil-borne 
microorganism which lives permanendy in the soil. Generally, soil-borne antagonist 
microorganisms can only infect soil-borne microorganism too. Since P.fluorescens is 
a soil-borne pathogen and can infect the parasitic pathogens, it has great potential to 
become a biological control agent. According to Baker and Cook in Jasminarni 
(1996), the effective antagonistic pathogens are soil-borne pathogens which can 
control soil borne-diseases. Therefore, the antagonistic microorganisms can easily 
inhibit the growth of parasitic pathogens that cause diseases because both of them 
live in the same area and the same environmental condition. 
 
To become an effective biocontrol agent, each antagonistic pathogen must 
fulfil two conditions, swviving in the soil and adjusting to the field conditions (Sigee, 
1993). Under these conditions, a biocontrol agent can compete with the parasitic 
pathogen for a long period of time. 
 
In addition to those reasons above, there are five characteristics which can be 
used as principles for bacteria P.fluorescens to become a good alternative biological 
control agent, i.e : 
1. Colonizing the root system of the host plants. 
2. Producing the secondary metabolites (siderophores) 
3. Competing for nutrients and space with other microorganisms 
4. Easily found in the ecosystem 
5. Not toxic for a variety of crops 
 
The first characteristic is the ability of P. fluorescens to colonize the root 
system of host plants. By colonizing the plant's roots early before the appearance of 
the parasitic pathogens, the parasitic pathogens almost have no opportunity to 
invade the plants and proliferate in the host plants. As stated by Simons et al 
(1996), the very important step to control the soil-borne disease is the ability of 
bacteria P.fluoresens to establish itself in the soil. The ability to colonize is also 
related to the bacteria's ability to persist in the soil because the bacteria can prevent 
the infection for an extended period. It will not be effective if the antagonistic 
pathogens can only live in the soil for a limited time. 
 
Secondly, bacteria P.fluorescens can produce the secondary metabolites, 
namely siderophores, which can suppress the growth of parasitic pathogen by taking 
the iron needs of the pathogens. Siderophores are chemical compound, fluorescent 
and yellow-green, which have the ability to bond iron in the soil. This is supported by 
Defago and Keel (1995) and Rovira et al (1985) who state that siderophores, such as 
pyoverdine and pseodobactin, have a high affinity of iron chelators which can inhibit 
the growth of pathogens by making the limited amount of iron supplies in the soil. 
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Consequendy, there is less iron available in the soil and it will affect the proliferation 
of the parasitic pathogens, and then the pathogens can not grow well and lose their 
vigor. 
 
Its ability to compete for nutrients and space with other microorganisms is 
the third characteristic of P.fluorescens which makes it a good alternative biocontrol 
agent. This capability can occur because the bacteria lives in the same habitat with 
the parasitic microorganisms. Sigee (1993) stated that to become effective, the 
antagonistic pathogen should live in "the same microhabitats and have similar 
growth characteristic". Under the same habitats, the needs of nutrients for 
microorganisms are also similiar. Thus, it is easy for the bacteria to compete for 
nutrients with other pathogens. Likewise, the bacteria also attempts to seize the site 
to live from other microorganisms. As a result, the pathogenic pathogens lose their 
food and place to live. This condition can lead to reducing the existing number of the 
pathogens in the soil. As mentioned by Sigee (1993), site competition can cause the 
limitation of life phase of the pathogens because most pathogens, particularly 
bacteria, multiply on the plant surface. 
 
Another characteristic is that bacteria P.fIuorescens can be easily found in the 
environment, such as in the water, air, soil, food, and plants. Besides being able to 
suppress the growth of the pathogens naturally, the bacteria can also be made 
artificially to become a commercial product. There are many bacteria P.fluorescens 
which are available in the market and sold as biocontrol products. For instance, 
Blightban AS06, Conquer, and Victus are widely sold commercially in the United 
States (United States Department of Agriculture, 1999). In Indonesia, many types 
commercial products of P.fluorescens are available, such as B29, B39, A506, and WI 
(Suwanto et al, 1996;]asminarni, 1996; Efri, 1994). 
 
The last character is that the bacteria is not pathogenic or toxic to a variety of 
crops. Kerr (1980) who conducted a test to distinguish whether bacteria 
P.fluorescens was pathogenic or not, proved that the bacteria gave a negative 
reaction to potato and tobacco crops, which means that bacteria P.fluorescens is not 
pathogenic to potato crops. This characteristic is also very essential for the parasitic 
pathogens. If the antagonistic bacteria can also function as a pathogenic 
microorganism, the plant will suffer more severely. 
 
All of the specific characteristics of bacteria P.fluorescens suggest that the 
bacteria have a great potential for becoming a biocontrol agent to reduce the number 
of diseases which are infected by soil-borne pathogens. The following paragraph will 
show several successful control methods using bacteria P.fluorescens as a biocontrol 
agent. 
 
3. Case studies of controlling several plant diseases with bacteria 
P.fluorescens 
 
A great number of plant diseases have been successfully controlled by 
bacteria P.fluorescens. All of the examples I am going to discuss will become my 
basis for using the bacteria to control soft rot disease which is caused by 
E.carotovora. The first example is potato wilt disease, which is caused by bacteria 
P.solanacearum. This parasitic pathogen, bacteria P.solanacearum, is a soil-borne 
bacteria, which means that it is the similar pathogen as the causal pathogen of soft 
rot disease, bacteria E.carotovora. Furthermore, the host plant is the same, namely 
the potato. In her project, Jasminarni (1996) found that the application of 
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P.fluorescens strain B29 and WI on potato plants can inhibit the development of 
bacteria P.solanacearum and the potato yields from plants treated with P.fluorescens 
were not infected. This described before that an experiment proved that 
P.fluorescens is not toxic to potato crops. She also observed that when harvesting, 
P.fluorescens still existed around the tubers of potatoes and could probably be used 
for the next planting. It means that P.fluorescens can exist in the soil for an 
extended period, which is one of the specific characteristics of P.fluorescens as a 
biocontrol agent. During the colonizing of the potato root, P.fluorescens might 
secrete sidophores and then can suppress the growth of the pathogen 
P.solanacearum. 
Another example is tomato wilt disease, which is caused by fungi Fusarium 
oxysporum and tobacco wilt disease, which is caused by Pseudomonas 
solanacearum. Although pathogen F.oxysporum is a fungy pathogen, it is included in 
soil-borne pathogen groups. Besides that, the host plants, tomato and tobacco 
plants, belong to family of solanaceae. Similarly, potato crops include in family of 
Solanaceae. According to Efri (1994), P.fluorescens can inhibit the development of 
tomato wilt 71.7% compared to 0% of plants without application of the bacteria. In 
the laboratory test, she observed the appearance of empty zone in the petridish that 
contained F.oxysporum and P.fluorescens. The empty zone proved that there was a 
competition between the parasitic pathogen and the antagonistic pathogen for iron. 
As was described in the previous section, P.fluorescens has a high affinity to bind 
iron. The bacteria takes the iron and bind it to its necessity, so the fungi 
F.oxysporum lacks the iron for its proliferation and thus the development of the 
disease is suppressed. Likewise, the inhibition of tobacco wilt disease occurs due to 
siderophore competition. In the laboratory experiment, Arwiyanto et al (1996) found 
a large inhibiting zone in the petridish where P.fluorescens competed with 
P.solanacearum. It means that bacteria P.fluorescens invades and suppresses the 
proliferation of the bacteria. 
 
The successful application of P.fluorescens has also been observed in soybean 
pustule disease (Xanthomonas campestns) and apple and peach wilt disease (Erwinia 
amylovora). Similar to those reasons above, bacteria X.campestris and bacteria 
E.amylovora are soil-borne pathogens, which are the same as bacteria E.carotovora. 
According to Suwanto (1996), P.fluorescens strain B29 and B39 can inhibit the 
development of pustule disease because of the competition for nutrients between 
bacteria P.solanacearum and bacteria P.fluorescens. Similarly, the development of 
wilt disease on apple and peach plants can also be reduced due to the competition 
between bacteria P.fluorescens and bacteria Erwinia amylovora (Stelljes and Senft, 
1998). This is because of the natural behavior of living organisms which compete for 
food in order to survive. This condition occurs in the ecosystem-land, water and air. 
The parasitic pathogen lacks the nutrients for their growth and multiplication. Thus, 
their capability to invade the host plant weakens. 
 
From the research studies which have been conducted, the intensity of 
disease of several diseases, namely potato wilt disease (P.solanacearum), tomato 
wilt disease (F.oxyporum), tobacco wilt disease (P.solanacearum), soybean pustule 
disease (X.campestris), and wilt disease on apple and peach plants (E.amylovora), 
can be reduced considerably by P.fluorescens. Therefore, it appears that there is 
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4. The possibility of applying P.fluorescens against soft rot disease 
 
After analyzing all of the case studies above, I suggest that bacteria 
P.fluorescens can control soft rot disease, caused by bacteria E. carotovora, on 
potato crops. The main reason is because of the characteristics of bacteria 
P.fluorescens, which have been mentioned above, namely it colonizes the root 
system of the host plant, producing the metabolite substances, competition for 
nutrients and space, is easily found in the environment and it is not pathogenic to 
many host plants. Using these characteristics, bacteria P.fluorescens could be able to 
control bacteria E.carotovora which causes potato soft rot disease. It had been 
proven by the researchers that those characteristics play important roles in 
controlling diseases. 
Another important reason is that bacteria E.carotovora are included in soil-
borne pathogen groups. The pathogens in the experiment conducted, namely 
P.solanacearum, F.oxysporum, E.amylovora, and E.carotovora, are also soil-borne 
pathogens. Since most soil-borne pathogens can be controlled by P.fluorescens, soft 
rot disease which is caused by bacteria E.carotovora may also be able to be 
controlled by bacteria P.fluorescens. This is also supported by Defago and Keel 
(1995) saying that bacteria P.fluorescens, soil-borne pathogens, can effectively 
suppress the growth of soil-borne pathogens, bacteria, fungi, or nematodes. 
Moreover, the host plants of some of the experiments conducted were from the 
family of Solanaceae, which is the same as potato crops. Consequently, they could 
also be successful to control soft rot disease on potato crops since it is a similar 
bacteria and similar family host plant. The bacteria will easily adjust to the 
environment. 
 
However, to be effectively used as a biocontrol agent, some considerations 
should be taken into account. Initially, selecting strains of P.fluorescens is the most 
important consideration. Each strain has different capability, in particular for 
colonizing the root system. This is also supported by Simons et al (1996) who found 
that various strains P.fluorescens have different ability to colonize potato root 
system. For instance, strain WCS307 and WCS315 are poor colonizers of potato rot, 
WCS374 and WCS379 are moderate colonizers, and WCS365 is efficient colonizer. In 
addition, selecting P.fluorescens strains is also important to letermine whether the 
substances secreted are toxic or not for bacteria E.carotovora and other beneficial 
microorganisms in the soil since some of P.fluorescens strains could be pathogenic to 
some microorganisms. 
 
Besides that, environmental conditions should be carefully considered since 
bacteria P.fluorescens, as living organisms, are influenced by environmental factors 
surrounding them, such as temperature, moisture, soil acidity, soil atmosphere, etc. 
Therefore, they may not be consistent in controlling the pathogens. As mentioned by 
Efri (1994), the ability of P.fluorescens for suppressing the development of tomato 
wilt disease was only effective in lower soil acidity (PH 5.7). Likewise, the alteration 
of oxygen and carbon dioxide level in the soil, where P. fluorescens were applied to 
control P.solanacearum on tomato crops influenced the effectiveness of bacteria 
P.fluorescens (Kim and Mishagi, 1996). 
 
Regarding the effectiveness of P.fluorescens against soft rot disease, the time 
of application is also noteworthy. Application of P.fluorescens before the incidence of 
the pathogen could prevent the multiplication of bacteria E.carotovora, and thus the 
intensity of disease will be reduced. Furthermore, early application will cause the 
antagonistic bacteria to compete for nutrients early before the pathogens do. This is 
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supported by Jasminarni (1996) who states that the application of P.fluorescens after 
the proliferation of the parasitic pathogen on potato wilt disease could not reduce the 
development of the disease. 
 
Finally, the quantity or dosage of P.fluorescens can also affect the ibility of 
P.fluorescens to control the disease effectively. The amount of dosage determines 
the effectiveness of P.fluorescens to suppress pathogen E.carotovora in each potato 
tubers. In an experiment, Jasminarni (1996) noted iliat there was a different 
intensity of disease on potato crops infected by wilt disease, which was given by 
different dosage of P.fluorescens. The plants that were given only a small dosage of 
P.fluorescens showed a severe infection. This is because with the small amount of 
antagonistic pailiogen, ilie bacteria could not compete with the larger population of 




Bacteria P.fluorescens is widely known as a good biological control agent for 
soil-borne diseases-diseases in which the pathogens live pemlanently in the soil. 
After examining the successful experiments with oilier soil-borne diseases, it can be 
concluded that P.fluorescens may also be able to inhibit the growth of bacteria 
E.carotovora, which cause soft rot disease. Firstly, this is because it has several 
specific characteristics, namely colonization of host plants' root system, secretes 
metabolite substances (siderophore), has ability to compete with nutrients and 
space, is easily found in the ecosystem, and it is not toxic for a variety of crops. 
Secondly, bacteria E.carotovora is included in soil-borne pathogens to which the 
bacteria P.fluorescens can be effectively applied. In addition, to being effectively 
used, some considerations should be observed, including selection of strains, 
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